Actinobacillus pleuritis and peritonitis in a quarterhorse mare by Stewart, Allison J
Vet Clin Equine 22 (2006) e77–93Actinobacillus Pleuritis and Peritonitis
in a Quarter Horse Mare
Allison J. Stewart, BVSc(Hons), MS
Department of Clinical Sciences, Auburn University, College of Veterinary Medicine,
1500 Wire Road, Auburn University, AL 36849, USA
A retired 26-year-old, 481-kg Quarter Horse mare presented for a 7-day
history of weakness, ataxia, stiﬀ gait, and frequent stumbling. Two days pre-
viously, the referring veterinarian diagnosed an acute, progressive neuro-
logic disorder. Dexamethasone (60 mg intravenously [IV]) and dimethyl
sulfoxide (500 g in 5 L lactated Ringer’s solution, IV) were given. The fol-
lowing day, the reported ataxia had worsened and the mare was anorectic,
depressed, and lethargic. Treatment for equine protozoal myeloencephalitis
with trimethoprim-sulfadiazine (TMS) (9.6 g by mouth, every 12 hours) was
commenced. Referral for cervical radiographs and cerebrospinal ﬂuid col-
lection was advised.
Biannual vaccination (eastern and western equine encephalitis, inﬂuenza,
tetanus, equine herpesvirus-1 and -4, and rabies), quarterly teeth ﬂoating,
and deworming were current. The last anthelmintic (ivermectin) was given
3 weeks previously. The mare was stalled at night and daytime pastured
with an apparently normal gelding and goat. The mare was fed free choice
hay and Equine Senior (Purina Mills, LLC, St. Louis) (1.5 kg every 12
hours). There was no recent stress from travel or exercise or history of upper
respiratory tract (URT) infection. For 25 years, there was no illness, other
than removal of a fractured upper premolar 4 years previously.
Physical examination
The mare was depressed and reluctant to walk. There was evidence of
weakness (profound toe dragging and mild truncal sway), a stiﬀ forelimb
gait, and low head carriage. Cranial nerve functions were appropriate. There
was no hypermetria, limb circumduction, ataxia, spasticity, or lameness.
The mare was in good body condition, with normal muscle symmetry.
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Rectal temperature, pulse, and respiratory rate were 39.2C (102.5F),
48 per minute, and 40 per minute, respectively. Heartbeat was regular and
synchronous with a good quality pulse. Oral and vulval mucous membranes
were pink, with capillary reﬁll time of 1.5 seconds. Lymphadenopathy was
not present and sinus percussion was unremarkable. Tracheal palpation
failed to elicit a cough reﬂex and no tracheal rales were ausculted. Breath
sounds were attenuated in the ventral two thirds of both lung ﬁelds. Acous-
tic percussion delineated a corresponding horizontal ﬂuid line in both hemi-
thoraces, with intercostal pleurodynia. Breathing appeared painful, and
elbows were abducted. Normal manure was passed and abdominal auscul-
tation was unremarkable. No abnormalities were detected on rectal and
oral examinations or on physical examination of other body systems.
Assessment and case management
The primary problems identiﬁed in the history were weakness (and ques-
tionable ataxia), depression, and anorexia. Additional problems identiﬁed
were fever, tachypnea, hyperpnea, pleurodynia, mild tachycardia, and pleu-
ral eﬀusion. Mild tachycardia, anorexia, depression, and lethargy were sec-
ondary problems, likely related to the pain, fever, and underlying pleural
disease. The tachypnea, hyperpnea, pleurodynia, and abnormal thoracic
auscultation were consistent with pleural eﬀusion.
Diﬀerentials for low head carriage and stiﬀ gait include painful cervical
vertebrae or musculature from trauma or injection reaction, meningitis, or
thoracic pain. Pleurodynia and elbow abduction suggest thoracic pain
from pleuritis, pericarditis, fractured ribs, contusions, or cellulitis. The ab-
sence of superﬁcial inﬂammation (heat, swelling, or hyperemia) and agree-
ment with thoracic auscultation and percussion made pleuritis the likely
diagnosis. Generalized debilitation, toxemia, metabolic disease, and electro-
lyte derangements can result in weakness and depressed mentation. Toxemic
weakness can occur with enterocolitis, pneumonia, pleuritis, peritonitis,
pericarditis, myositis, cellulitis, endotoxemia, or sepsis. The mild tachycar-
dia could occur secondary to pain, excitement, anxiety, metabolic and elec-
trolyte derangements, sepsis, endotoxemia, shock, hypoxia, anemia,
hypovolemia, respiratory disease, or primary cardiac disease. The mucous
membranes were normal, with no evidence of hyperemia, cyanosis, pallor,
or dryness. Signs of dehydration and toxic shock were absent. Electrocardi-
ology was not performed, as neither an arrhythmia nor signs of right heart
failure were apparent. Diﬀerentials for fever include infectious and nonin-
fectious causes. The lack of URT signs (abnormal nasal discharge, cough,
or tracheal rales) made viral respiratory disease unlikely. Tachypnea and hy-
perpnea can be of respiratory origindresulting from URT pathology
(masses or localized inﬂammation), pneumonia, pleuritis, pneumothorax,
intrathoracic masses, pulmonary edema, or allergic lung diseasedor
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lar disease. The mare was slightly anxious and in moderate discomfort.
Decreased bronchovesicular sounds occur with obesity, pulmonary
consolidation, pneumothorax, or pleural eﬀusion. The mare was not over-
weight and percussion of pneumothorax tended to produce dorsal hyper-
resonance. Dry and abrasive pleural friction sounds, often heard with
pleurisy, were not appreciated nor were the crackles and wheezes associated
with pulmonary parenchymal disease.
Anechoic ﬂuid with ﬁbrin tags was imaged sonographically between the
parietal and pleural surfaces, conﬁrming bilateral pleuritis (Figs. 1 and 2).
Pleural eﬀusion occurs with bacterial pneumonia, pulmonary abscessation,
neoplasia, trauma, esophageal perforation, and fungal, mycoplasmal, or vi-
ral respiratory disease. Thoracic neoplasia is rare. Primary lung tumors are
less common than metastatic neoplasia.
Jugular blood was submitted for complete blood cell (CBC) count and
biochemical proﬁle (Tables 1 and 2). Although the total white blood cell
(WBC) count was normal, there was an elevation in the band neutrophil
count (0.21 cells/mL; reference range, 0–0.1 cells/mL). This left shift indicated
active inﬂammation. There was hyperﬁbrinogenemia (800 mg/dL; reference
range, 100–400 mg/dL), hyperproteinemia (8.3 mg/dL; reference range, 6.4–
7.9 mg/dL), hypoalbuminemia (2.1 mg/dL; reference range, 2.8–3.6 mg/dL),
hyperglobulinemia (6.3 mg/dL; reference range, 3.6–4.3 mg/dL), and a low
albumin-to-globulin ratio.
Diﬀerential diagnoses for low serum albumin concentrations include in-
adequate nutrition (very rare), decreased hepatic synthesis (horses tend to
die of hepatic failure before this occurs), gastrointestinal loss (protein
Fig. 1. Ultrasound image of the left side of the thorax in the eighth intercostal space showing
anechoic pleural ﬂuid and the consolidated atelectic ventral portion of the lung lobe. The sono-
gram was performed with a 3.0 M-Hz sector-scanner transducer. The left side of the sonogram
is dorsal and the right side is ventral. (c) Consolidated atelectic lung; (d) diaphragm; (l) lung; (p)
pleural ﬂuid.
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proteinacious ﬂuid (peritonitis or pleuritis). There was no evidence of
chronic liver disease or renal dysfunction. Pleural and possibly peritoneal
third space loss had occurred. Albumin is a negative acute-phase protein,
with inﬂammatory mediation resulting in reduced synthesis and concomi-
tant increases in globulin production. Hyperglobulinemia and hyper-
ﬁbrinogenemia are seen with chronic infection, abscessation, neoplasia,
amyloidosis, and chronic hepatitis. Pleuritis accounted for the increased
Fig. 2. Ultrasound image of the right side of the thorax in the sixth intercostal space showing
anechoic pleural ﬂuid with ﬁbrin stands. The sonogram was performed with a 3.0 M-Hz sector-
scanner transducer. The right side of the sonogram is dorsal and the left side is ventral. (d) Di-
aphragm; (f) ﬁbrin strands within pleural ﬂuid; (l) lung.
Table 1
Hematology results
Hospital day Day 1 Day 3 Normal values
PCV % 33.4 41 27–44
RBC  106/mL 6.72 8.28 5.1–10.0
MCV fL 50 49 43–55
MCHC % 34.3 34.8 34.4–36.9
RBC morphology Slight poikliocytosis
Slight anisiocytosis
WBC/mL 5.6 5.8 4.7–10.6
Band neutrophils/mL 0.21 0.1 0–0.1
Segmented neutrophils/mL 4.31 4.4 2.4–6.4
Lymphocytes/mL 0.95 1.3 1.0–4.9
Monocytes/mL 0.17 0–0.5
Eosinophils/mL 0 0 0–0.3
Basophils/mL 0.06 0–0.1
Leukocyte morphology Reactive lymphocytes
Platelets/mL 293,000 366,000 125,000–310,000
Fibrinogen (mg/dL) 800 550 100–400
Abbreviations: fL, femtoliters, MCHC, mean hemoglobin concentration; MCV, mean cor-
puscular volume; PCV, packed cell volume.
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loidosis is rare. There also was hypocalcemia (10.4 mg/dL; reference range,
11.1–13.0 mg/dL). This was considered likely to be pseudohypocalcemia, as
calcium is 50% protein bound, with low total calcium reﬂective of hypoal-
buminemia. Active, ionized calcium is measurable only with an ion-selective
electrode, which was not available at the time. Formulas for the correction
of calcium concentration based on albumin and total protein (TP) concen-
trations are considered not accurate. As mucous membranes were normal
and no dyspnea was present, arterial blood gas analysis was not performed.
Anion gap was normal. The low blood urea nitrogen (BUN), gamma glu-
tamyl transferase (GGT), alkaline phosphatase (ALP), and creatine kinase
were not considered clinically relevant.
Bilateral thoracocentesis obtained cloudy, nonfetid ﬂuid that was submit-
ted for cytology, Gram’s stain, and aerobic and anaerobic culture. Pleural
ﬂuid obtained from each hemithorax was yellow in color and cloudy to clear.
In the left hemithorax, there were elevations in the speciﬁc gravity at 1.034
(normal, !1.017), TP at 5.8 g/dL (normal, !2.5 g/dL), and nucleated cell
count at 91,000 cells/mL (normal, !5000 cells/mL); and red blood cell
(RBC) count was 0.21 cells/mL. There was a predominance of nondegenerate
polymorphonuclear cells (PMN) on the cytopreparation, with occasional
large mononuclear cells, reactive mesothelial cells, and small lymphocytes.
No etiologic agents were seen. The ﬂuid from the right hemithorax was sim-
ilar, with a speciﬁc gravity of 1.033, TP of 5.5 g/dL, nucleated cell count
of 91,700 cells/mL, and RBC count of 0.12 cells/mL. Cytology indicated
neutrophilic inﬂammation, but because of the presence of nondegenerate
Table 2
Biochemistry results
Hospital day Day 1 Normal values
BUN mg/dL 10.5 13–27
Creatinine mg/dL 1.2 0.8–1.7
ALP IU/L 47 80–187
AST IU/L 184 170–370
CPK IU/L 120 150–360
Total bilirubin mg/dL 0.4 0.6–1.8
Glucose mg/dL 199 83–114
Na mEq/L 130 132–142
K mEq/L 3.4 2.4–4.6
Cl mEq/L 98 97–105
Ca mg/dL 10.4 11.1–13.0
P mg/dL 1.9 1.2–4.8
Osmolality mOsmol/kg 266 266–286
TP g/dL 8.3 6.4–7.9
Albumin g/dL 2.1 2.8–3.6
Globulin g/dL 6.2 3.6–4.3
Cholesterol mg/dL 85 51–97
Abbreviations: AST, aspartate aminotransferase; CPK, creatine phosphokinase.
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cause was not readily apparent.
Chest drains were placed bilaterally, with 7 to 8 L of ﬂuid obtained from
each hemithorax. Pneumonia or abscessation causes 75% equine pleural eﬀu-
sion cases [1]. There is a 90% chance of obtaining a positive culture from
a transtracheal wash (TTW) compared with 66% from pleural ﬂuid [1]. A
TTW, therefore, was performed. The ﬂuid was cloudy and ﬂocculent, with
a speciﬁc gravity of 1.009, TP less than 2.5g/dL, nucleated cell count of
11,000 cells/mL, and RBC count of 0.15 cells/mL. The cytologic interpretation
of the TTW was not consistent with pneumonia, with columnar respiratory
epithelial cells the predominant cell type in the cytopreparation. There also
were moderate numbers of macrophages, occasional neutrophils, and thick
strands of mucus. Occasional fungal spores were present but otherwise no eti-
ologic agents were seen. The overall impression was compatible with normal
to mild mixed inﬂammation, and only contaminants were cultured.
Although no bacteria were seen, broad-spectrum antibiotics were war-
ranted before, and even in the absence of, positive culture results. Aer-
obes isolated from adult pleuropneumonia cases include Streptococcus
sp, Pasteurella sp, Actinobacillus sp, Enterobacteriaceae, Pseudomonas sp,
Staphylococcus sp, and Bordetella sp. Anaerobes include Bacteroides sp,
Clostridia sp, Eubacterium, and Fusobacterium sp. Mycoplasma felis is un-
common. Penicillin is the antibiotic of choice against Gram-positive and an-
aerobic organisms, excludingmetronidazole-sensitive, b-lactamase–producing
Bacteroides fragilis. Most Gram negatives are susceptible to gentamicin.
Organisms may be isolated alone or as components of mixed infections,
where anaerobic and aerobic bacteria often act synergistically.Aerobic organ-
isms may be the initial colonizers, and they may create anaerobic conditions
due to tissue necrosis and ﬂuid exudation, which creates ideal conditions for
subsequent colonization by anaerobic organisms.
Treatment and outcome
Antibiotic eﬃcacy is aﬀected by abscess penetrating ability, ﬂuid pH, or-
ganic debris, and bacterial multiplication rate. Treatment with potassium
penicillin (22,000 IU/kg IV every 6 hours), gentamicin (6.6 mg/kg IV every
24 hours), metronidazole (20 mg/kg by mouth every 6 hours), and phenyl-
butazone (2.2 mg/kg by mouth every 24 hours) was commenced. Phenylbu-
tazone provided analgesia and reduction of inﬂammation. Free choice
alfalfa hay was fed to maintain a positive energy balance.
Day 2: The mare was bright, comfortable, eating, drinking, urinating,
and defecating.
Pulse, respiration, and rectal temperature were normal and remained so
throughout the hospitalization period. Thoracic radiographs failed to identify
deep pulmonary or mediastinal masses. Diﬀerentiation of ventral lung
lobe consolidation from residual pleural ﬂuid was impossible, but overall
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ﬂected the minimal pulmonary parenchymal involvement and lack of signiﬁ-
cant airway inﬂammation, where cough receptors are most common.
Abdominal ultrasound revealed the presence of a small amount of peri-
toneal ﬂuid. Abdominocentesis obtained abnormal opaque ﬂuid, so cytol-
ogy, Gram’s stain, and culture were performed, but no bacteria
subsequently were observed or cultured. The peritoneal ﬂuid had elevated
TP concentration (6.1 g/dL) and WBC count (157,000 cells/mL). No neo-
plastic cells or etiologic agents were seen, but the predominance of neutro-
phils was suspicious of an infectious cause, even though the neutrophils were
nondegenerate. A diagnosis of concurrent peritonitis was made. It is un-
known if the peritonitis had occurred secondary to leakage of ﬂuid from
the chest cavity through the diaphragm into the peritoneal cavity or if the
infection had spread hematogenously. Although not observed, peritonitis
may result in manifestations of acute ileus and abdominal pain or insidious
weight loss and ventral edema.
Day 3: Minimal drainage (less than 3 cm depth observed ultrasonograph-
ically, and no ﬂuid obtainable by positive pressure suction using a 60 cc sy-
ringe) from either hemithorax warranted chest tube removal. Thoracic
ultrasonography did not provide any additional information. Because of
the peritonitis, the abdomen was imaged but was unremarkable; no abnor-
malities of organs could be detected. The absence of sonographic and radio-
graphically observed masses and failure to detect exfoliated neoplastic cells
in TTW and pleural and peritoneal ﬂuids reduced the likelihood, but did not
completely rule out, neoplasia.
Day 4: CBC count indicated further plasma protein elevation from contin-
ued inﬂammation (globulins and probably ﬁbrinogen) or moderate dehydra-
tion. ThePCVwas normal but increased proportionally fromadmission.With
no clinical indication of dehydration and improvement in attitude, this was
not considered a concern. The thrombocytosis (366,000; 125,000–310,000
platelets/mL) was not considered clinically relevant and probably the result
of generalized bone marrow stimulation. Phenylbutazone was discontinued.
The results of the microbiologic culture of the pleural ﬂuid collected at admis-
sion grew few Actinobacillus equuli from both hemithoraces. Antimicrobial
susceptibility testing using the Kirby-Bauer disk diﬀusion method indicated
the Actinobacillus to be sensitive in vitro to amikacin, ampicillin, ceftiofur,
cephalothin, chloramphenicol, doxycycline, enroﬂoxacin, erythromycin, gen-
tamicin, penicillin, tetracycline, and TMS. Given the rapid response to tho-
racic drainage and antibiotics, the cytologic indication of pleural infection,
and the historical prior antimicrobial administration, the low growth of a sin-
gle organism from both hemithoraces was considered a real ﬁnding. The re-
sults of the microbiologic culture of the TTW sample from day 1 indicated
growth of low numbers of multiple bacteria (Klebsiella, Enterobacter, very
few Bacillus, and a few fungi). These were considered contaminants and sus-
ceptibility testing was not performed.
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cloudy. The speciﬁc gravity was 1.032, TP was 5.4 g/dL, and nucleated
cell count was 109,200 cells/mL.
The predominant cell type observed cytologically again was nondegenerate
PMN. Occasional large mononuclear cells and small lymphocytes also were
present, but no etiologic agents or neoplastic cells were seen. The overall im-
pression was of a suppurative exudate but, with a 30% reduction in the
WBC count and decreasing TP, the character of the ﬂuid was considered im-
proving. The clinical response to antimicrobials continued to support an infec-
tious etiology.
Day 7: The abdominal and thoracic ultrasound had improved dramati-
cally. The ﬂuid obtained by abdominocentesis was red/yellow in color and
the clarity was slightly opaque. There were slight improvements in speciﬁc
gravity (1.027), TP (4.4 g/dL), and nucleated cell count (91,600 cells/mL).
Mostly nondegenerate neutrophils still were present , and, although no eti-
ologic agents were detected, an infectious cause still was suspected.
Long-term antibiotic therapy is advised for the treatment of pleuritis and
peritonitis, with oral preparations preferred by most owners for ease of ad-
ministration. Actinobacillus sp are Gram-negative pleomorphic rods, with
sensitivity patterns similar to Gram-positive organisms. Two weeks of
TMS (20 mg/kg by mouth every 12 hours) and rifampin (5 mg/kg by mouth
every 12 hours) were prescribed, with further therapy dependent on results
of reexamination. Rifampin use was justiﬁed, as abscessation or the possibil-
ity of other uncultured pathogens could not be ruled out.
There is a possible association between A equuli peritonitis and strongyle
migration. Large strongyles are susceptible to ivermectin, which had been
administered only 3 weeks previously. As the previous anthelmintic had
been given within the nematode’s prepatent period, a McMaster’s quantita-
tive egg count was not performed. There was no reason to expect a nematode
problem, but a rotating anthelmintic plan was advised.
The mare was discharged, having gained 25 kg, with strict instructions to
monitor for signs of depression, decreased appetite, weakness, fever, in-
creased respiratory rate, or eﬀort. Reexamination was advised in 14 days.
Day 23: Physical examination and thoracic-abdominal ultrasound were
unremarkable. Abdominal ﬂuid cytology was improved markedly, with
TP mildly elevated, neutrophil percentage increased, and rare reactive meso-
thelial cells observed. These were consistent with resolving inﬂammation, so
antibiotics were discontinued. Follow-up 12 months later revealed the mare
to be in good health.
Discussion
A equuli is a commensal of the equine oropharynx, nasopharynx, and in-
testine. It is associated with neonatal septicemia [2] and enteritis, abortion,
hemorrhagic diatheses, and peritonitis with or without concurrent pleuritis
e85PERITONITIS IN A QUARTER HORSE MARE[3,4]. There are more than 28 diﬀerent antigenic groups of A equuli, and
there seem to be regional diﬀerences in the frequency of A equuli peritonitis
[4]. The combination of peritonitis and pleuritis in this mare was unusual,
although in a study of 15 horses with A equuli peritonitis, two had concur-
rent A equuli pleuritis [3]. The cause of A equuli peritonitis is unknown, but
larval migration of intestinal parasites has been suggested [3–6].
Actinobacillus peritonitis (with or without pleuritis) has a favorable long-
term prognosis, with dramatic improvement evident usually within 24 to 48
hours of antibiotic commencement [3,4,6]. This may explain the low num-
bers of bacteria cultured in this case from the pleural ﬂuid, as TMS had
been administered 12 hours before admission. Although no bacteria were
cultured from the peritoneal ﬂuid, the abnormal cytologic ﬁndings were sim-
ilar to those observed in the pleural ﬂuid. The lack of bacterial growth from
the peritoneal ﬂuid may have resulted from abdominocentesis performed
24 hours after penicillin and gentamicin administration.
Peritonitis and pleuritis are inﬂammation of the mesothelial lining of the
peritoneal and pleural cavities, respectively, and are characterized by des-
quamation and transformation of mesothelial cells into macrophages; che-
motaxis of neutrophils; exudation of serum, ﬁbrin, and protein; and
release of inﬂammatory mediators into the respective cavities. Peritonitis
and pleuritis can be subdivided on the basis of onset (peracute, acute, or
chronic), origin (primary or secondary), distribution (diﬀuse versus local-
ized), and presence of bacteria (septic versus nonseptic). Septic peritonitis
can occur secondary to perforation, surgical manipulation, or vascular in-
jury to the gastrointestinal tract. Mixed bacterial infections usually are the
result of leakage of the gastrointestinal contents or a penetrating abdominal
wound. Primary monomicrobial peritoneal infections usually are caused by
Streptococcus zooepidemicus, S equi subsp equi (‘‘bastard strangles’’), Rho-
dococcus equi (usually only in foals), Corynebacterium psuedotuberculosis,
and A equi [4]. Although migration of strongyles, ascarids, and tapeworms
is common, penetration of the bowel by internal parasites rarely results in
septic peritonitis. Neoplasia also can result in peritoneal or pleural inﬂam-
mation with secondary abscess formation and septic eﬀusion.
Approximately 70% of cases of septic pleuritis arise as an extension of
pneumonia or pulmonary abscessation [7]. Septic pleuritis also may occur
in cases of thoracic trauma or penetration of the esophagus or stomach
by a foreign body. The aerobic bacteria isolated most commonly from
horses with pleuropneumonia are species that normally reside in the oropha-
ryngeal cavities; they include S zooepidemicus, Pasteurella and Actinobacillus
spp, and E coli and Enterobacter spp. Anaerobic organisms frequently iso-
lated include Bacteroides spp, Peptostreptococcus spp, Fusobacterium spp,
and Clostridium spp [8,9].
Diﬀuse septic peritonitis or pleuritis are accompanied by severe toxemia
or septicemia. Clinical signs common to both disease processes include
depression, inappetance, dehydration, fever, weight loss, weakness, and
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borygymi and possibly colic, diarrhea, and ileus. Horses with severe acute
pleuritis or peritonitis have severe toxemia, tachycardia, tachypnea, weak-
ness, and circulatory failure. Horses with peritonitis secondary to bowel
rupture generally show progressive signs of shock, with sweating, muscle
fasciculation, red to purple mucous membranes, prolonged capillary reﬁll
time, and weak peripheral pulses. Rectal examination of horses with perito-
nitis may reveal an abdominal mass (abscess or neoplasia), pain on palpa-
tion of ﬁbrinous or ﬁbrous adhesions, intestinal impaction, distended
small intestine, or an impression of bowel ﬂoating in abdominal ﬂuid.
Of 51 horses with A equuli peritonitis, all horses presented with signs of
depression, lethargy, and inappetance. Thirty horses also showed mild to
moderate signs of abdominal pain. Other clinical signs included reduced fe-
cal output (14), diarrhea (1), and staining to urinate and defecate (2). The
onset of clinical signs was less than 24 hours in 30 horses, 1 to 4 days in 8
horses, and greater than 3 weeks and associated with weight loss in 3 horses.
At presentation, 77% had an elevated rectal temperature [4].
Clinical signs of pleuritis can be confused with colic or rhabdomyolysis.
Horses may have a nasal discharge or exhibit a guarded cough, shallow
breathing pattern, and painful, stilted gait. Thoracic auscultation of horses
with pneumonia often reveals increased harsh breath sounds dorsally,
crackles and wheezes, and dullness of respiratory sounds ventrally. With
pleural eﬀusion, vesicular sounds may be heard only dorsally, with an ab-
sence of lung sounds ventrally. Cardiac sounds may radiate over a wider
than normal area and sometimes pleural friction rubs may be heard. On per-
cussion of the chest, there may be decreased resonance ventrally, and a pain-
ful response may be elicited (pleurodynia).
Clinicopathologic abnormalities vary depending on the severity and time
of onset of peritonitis or pleuritis. With acute, septic conditions, horses can
have leukopenia, hemoconcentration, azotemia, metabolic acidemia, and
electrolyte abnormalities. These abnormalities are reﬂective of systemic in-
ﬂammation from endotoxemia and hypovolemia. It is not uncommon to
have hyponatremia and hypochloremia secondary to third spacing of ﬂuid
in the abdominal or thoracic cavities. When peritonitis or pleuritis has
been present for a few days the WBC count may be increased or normal.
Hyperﬁbrinogenemia is common. An estimate of ﬁbrinogen concentration
can be measured crudely in the practice setting using the ﬁbrin clot method
(subtract the plasma protein from the TP concentration) or the heat precip-
itation method. Increased ﬁbrinogen concentration, with or without hyper-
globulinemia or anemia of chronic disease, may be the only indicators of an
inﬂammatory state in a horse that lacks leukogram changes. Of 40 horses
with A equuli peritonitis in which hematology was performed, peripheral nu-
cleated cell count was within normal range in 24 (60%) of horses; 11 (28%)
horses had leukocytosis and 5 (13%) were leukopenic. There was a left shift
in 11 (28%). Plasma ﬁbrinogen was elevated in 15 of 30 (50%) [4].
e87PERITONITIS IN A QUARTER HORSE MAREUltrasound has become a critical diagnostic tool in the investigation of
fever of unknown origin or clinicopathologic abnormalities suggestive of in-
ﬂammation. Pleural and abdominal eﬀusions are identiﬁed easily. The ﬂuid
volume, echogenicity, and the presence of ﬁbrin and ﬂuid loculations can be
determined [10,11]. Ultrasound can be used to identify the safest location for
performing thoracocentesis or abdominocentesis or placing large-bore tho-
racic or abdominal drains. Ultrasound imaging of abdominal and thoracic
organs can be used to help identify masses (abscess or tumor) and abnormal
tissue parenchyma and monitor the eﬀectiveness of ﬂuid drainage. Imaging
of abdominal organs is performed best with a 2- to 4-MHz sector scanner. A
good image of the pleural surface and determination of whether or not pleu-
ral ﬂuid is present, however, can be obtained using a standard 5-MHz linear
rectal probe available in most equine practices. If possible, ultrasound imag-
ing should be performed before drainage of peritoneal or pleural ﬂuid as the
ﬂuid-tissue interface improves visualization of organs. Ultrasound imaging
typically is used to assist in the appropriate placement of thoracic drains
within the thoracic cavity and away from the heart in an area where a large
pocket of ﬂuid is apparent. Pleurocentesis also can be performed safely and
blindly using a sterile blunt-teat canula between the seven and eighth ribs on
the left and the sixth and seventh ribs on the right. The site should be ap-
proximately 5 inches dorsal to the lowest edge of the thorax, approximately
half of the distance between the shoulder and the elbow. A 10-mL syringe is
attached to a teat canula (ideally with a three-way stopcock in between). Af-
ter local anesthesia, a stab incision is made using a number 15 scalpel blade
to a depth of 1.5 cm and the canula is pushed through the intercostal mus-
cles into the thoracic cavity. Thoracocentesis should be performed oﬀ the
cranial border of a rib to avoid the intercostal vessels and nerve that are lo-
cated caudal to each rib.
Abdominocentesis can be performed with a 1.5-inch, 18-gauge needle or
using a sterile blunt-teat canula after local anesthesia and a stab incision
with a number 15 scalpel blade. Samples are collected most easily at the ven-
tral-most point on the abdomen, usually 5- to 10-cm caudal to the xiphoid
cartilage. In the author’s opinion, ﬂuid is obtained more readily on ventral
midline, but a site may be chosen to the right of midline in an attempt to
avoid the spleen. Ultrasound guidance also can be used to locate ﬂuid
pockets.
Fluid obtained by thoracocentesis and abdominocentesis should be col-
lected into a purple EDTA tube for cytologic evaluation, into a plain red-
top tube for measurement of TP concentration and speciﬁc gravity, and
into transport media (Port-A-Cul, BBL Microbiology System, Becton,
Dickinson and Company, Sparks, Maryland) or blood culture media
(Septi-Chek Columbia, Hoﬀmann-LaRoche, Nutley, New Jersey) for micro-
biologic culture and antibiotic sensitivity [4]. Gram’s stain of samples also is
warranted to identify the presence of bacteria quickly. An infective agent
was identiﬁed in approximately 25% of peritoneal ﬂuid samples from horses
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biologic culture, pleomorphic Gram-negative rods were seen on cytology
in 53% (23) of samples and a pure growth of A equuli was obtained in
72% (34/37) of samples. A positive culture was obtained from 84%
(21/25) of cases in which bacteria were observed on cytologic examination
of an abdominal smear. Of the 22 cases in which no bacteria were observed
on cytology, A equuli was cultured from 59% (13) of these samples [4].
It is important to culture for aerobic and anaerobic bacteria. In one study,
E coli was cultured most commonly from equine peritoneal ﬂuid. Another
study found that obligate anaerobic bacteria were cultured most frequently,
followed by Enterobacteriaceae [12,13]. Penicillin-resistant Bacteroides fragilis
was isolated from 10% to 20% of cases [13]. B fragilis can be diﬃcult to
culture, and samples must be collected, transported, and cultured under strict
anaerobic conditions.
It may take several days for the results of microbiologic culture to be-
come available, but the presence of degenerate neutrophils, increased TP
(O2.5 g/dL) and speciﬁc gravity (O1.017), and presence of intra and extra-
cellular bacteria on Gram’s stain are evidence of a septic process. Normal
equine peritoneal or pleural ﬂuid contains less than 5000 nucleated cells
per microliter [14]. Peritoneal or pleural ﬂuid pH less than 7.3, glucose
less than 30 mg/dL, and ﬂuid ﬁbrinogen concentration greater than
200mg/dL are highly predictive of sepsis. Serum glucose to peritoneal glucose
concentration diﬀerences of greater than 50 mg/dL is highly suggestive of
septic peritonitis [15].
Multicavity eﬀusions can occur with vasculitis, decreased colloid oncotic
pressure associated with hypoproteinemia, right-sided cardiac failure, and
neoplasia (lymphoma, squamous cell carcinoma, ﬁbrosarcoma, hepatoblas-
toma, melanoma, hemangiosarcoma, or mesothelioma [16]). No underlying
cause was determined for the pleuritis and peritonitis in this case and the
mare made an uneventful recovery. Multicavity eﬀusions are reported
with Actinobacillus infections, with combinations of peritonitis, pleuritis,
and pericarditis [4,17].
Although chronic cases can occur, early and aggressive therapy usually is
required for the successful treatment of peritonitis and pleuritis. Therapies
should include broad-spectrum antimicrobial therapy, anti-inﬂammatories,
drainage of excessive ﬂuid, and supportive care. Metabolic and electrolyte
abnormalities and dehydration should be corrected with appropriate ﬂuid
therapy. Plasma or synthetic colloids are beneﬁcial if the plasma protein
concentration is less than 4.0 g/dL. Flunixin meglumine (from 0.25 mg/kg
every 8 hours to 1.0 mg/kg every 12 to 24 hours) can be administered as
an anti-inﬂammatory or analgesic and possibly to decrease the risk of adhe-
sions and laminitis.
Antimicrobials should be administered immediately, before the results of
microbiologic culture. IV administration is preferable to intramuscular (IM)
and oral routes in acute, severe disease. The combination of a b-lactam
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IV every 6–8 hours], or procaine G penicillin [22, 000 IU/kg IM every 12
hours]), gentamicin (6.6 mg/kg IV every 24 hours), and metronidazole
(15–20 mg/kg by mouth every 6–8 hours) generally is recommended [1]. Pen-
icillin is an eﬀective drug against most anaerobic organisms with the excep-
tion of B fragilis. Because of the high frequency of anaerobic peritoneal and
pleural infections and the diﬃculty of culturing anaerobic organisms, metro-
nidazole (which is eﬀective against most of the penicillin-resistant
anaerobes) is recommended. Nonsteroidal anti-inﬂammatory drugs and
aminoglycosides can induce acute renal tubular damage, especially with
dehydration and subsequent decreased renal perfusion. Enroﬂoxacin
(5 mg/kg every 12–24 hours or 7.5 mg/kg every 24 hours slowly IV) can be ex-
changed for gentamicin if renal function has been compromised but should
not be used in young horses because of its toxic eﬀect on cartilage. Rehydra-
tion should occur before therapy, and supplementation with IV ﬂuids
should be considered if high dosages of ﬂunixin meglumine or phenylbuta-
zone are administered with gentamicin. Renal function can be monitored by
performing serial urinalyses (observing for pigment, casts, and urine speciﬁc
gravity) and periodically evaluating serum creatinine concentrations.
Antimicrobials can be altered based on results of susceptibility testing or
failure to respond to therapy. The duration of IV therapy may be limited by
the expense of drugs and the necessity of hospitalization. Antimicrobials
should be continued until the WBC count and plasma ﬁbrinogen concentra-
tions are normal. For peritonitis cases, the peritoneal ﬂuid cytology also
should be normal. For pleuritis cases, therapy should continue until all ﬂuid
is resolved and thoracic radiographs are normal. Some horses require treat-
ment for weeks to months. Long-term treatment usually necessitates the use
of oral antibiotics.
TMS is eﬀective against some Gram-positive and some Gram-negative
bacteria. TMS often is ineﬀective in the presence of purulent infection and
clinical eﬃcacy does not seem as good as the results of antimicrobial suscep-
tibility testing [18]. Dosages of 15 to 30 mg/kg by mouth every 12 hours have
been used. Rifampin (5 mg/kg by mouth every 12 hours) has excellent tissue
penetration, with high intracellular abscess and phagocytic cell concentra-
tions obtained. It is eﬀective against most Gram-positive microorganisms,
some Gram-negative bacilli, and many mycobacteria and obligate anaer-
obes. Rifampin should not be administered in isolation because of the rapid
development of resistance. There seems to be synergy between rifampin and
TMS. These are the reasons that rifampin was used to break this case.
Doxycycline (10 mg/kg by mouth, every 12 hours) [19] is a broad-spec-
trum antimicrobial, but, like TMS, some streptococci are resistant. Penicillin
G is one of the best antimicrobials to treat streptococci. Combinations of
TMS or doxycycline with rifampin may assist with penetration into ab-
scesses. In foals, azithromycin (10 mg/kg by mouth every 24 hours for
5 days, then every 48 hours) [20], clarithromycin (7.5 mg/kg by mouth every
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hours or 37.5 mg/kg every 12 hours) [22] in combination with rifampin is
recommended to treat rhodococcus abscesses and generally is eﬀective
against streptococci. Erythromycin is contraindicated in adult horses be-
cause of the risk of severe and possibly fatal colitis [23]. Oral chloramphen-
icol (25 to 50 mg/kg by mouth every 6 hours) has excellent broad-spectrum
activity with good penetration. The third-generation cephalosporin
cefpodoxime (10 mg/kg by mouth every 12 hours) [24] has excellent
Gram-negative coverage but is likely prohibitively expensive in adult horses.
Enroﬂoxacin (5 mg/kg IV or by mouth gel form every 12–24 hours or
7.5 mg/kg IV every 24 hours) [25–27] has an excellent spectrum against
Gram-negative organisms but should not be used in growing animals be-
cause of cartilage toxicity.
A equuli generally is susceptible to ampicillin, gentamicin, tetracycline,
and TMS. There are many diﬀerent strains of A equuli, and it seems that iso-
lates from peritonitis cases have antibiotic sensitivities diﬀerent from
A equuli isolated from other sites [3]. In a retrospective study of 51 cases of
peritonitis associated with A equuli in horses, all horses demonstrated a rapid
response to treatment with procaine penicillin G alone or in combination
with gentamicin sulfate. Duration of treatment varied between 5 to 14
days, with 100% survival to discharge from hospital. Six horses were treated
for an additional 2 weeks with trimethoprim-sulphadimidine [4]. Of the
cases where antimicrobial testing was performed, only two isolates were
not sensitive to procaine penicillin G, one was resistant to trimethoprim-
sulphadimidine, and one was resistant to both penicillin and trimethoprim-
sulphadimidine [4].
Thoracic and abdominal drainage is warranted when ﬂuid volume is
large. Chest tubes are placed best under ultrasound guidance. The location
and site preparation are the same as for thoracocentesis. Using a 24-32
French chest tube (Argyle straight thoracic catheter, Tyco Health care
Group, Mansﬁeld, Massachusetts), the trocar and tube are inserted 4 to 6
cm through a stab incision; the tube then is slid oﬀ the trocar and manipu-
lated within the thoracic cavity to obtain the best ﬂuid ﬂow rate. A purse
string suture should be placed around the exiting tube with the suture con-
tinued up the external catheter in a ﬁnger-trap method to prevent it from
sliding in or out. A one-way valve (a latex condom with the tip snipped
oﬀ, secured to the chest tube with tape) or a Heimlich valve (Bard Parker,
Becton-Dickinson and Company, Rutherford, New Jersey) is attached to
the tube to prevent pneumothorax. Complications of chest tube placement
include pneumothorax; lung laceration; hemothorax; cardiac arrhythmias;
heart, liver, or bowel puncture; and localized swelling [28].
The beneﬁt of lavage is controversial and was not performed in this case.
Infusion of large volumes of isotonic, warmed ﬂuids into the peritoneal or
thoracic cavities aids in the removal of bacteria, toxins, debris, and inﬂam-
matory mediators but can provide an ingress route for iatrogenic infection.
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Mushroom drains provide better drainage than Foley-type catheters. Chest
tubes can be used. A 1.5-cm stab incision is made through anesthetized skin
using a number 10 scalpel blade. The catheter is placed over a Chamber’s
mare catheter, which acts as a stylet, to facilitate insertion. Chest tubes or
closed suction drains can be used. By placing the catheter caudally as far
as possible, blockage with omentum is minimized. Additional holes can be
cut in tubing with a scalpel blade before insertion. Some clinicians ﬁnd
less blockage with omentum if two drains are placed, one cranially and
one caudally. Lavage can be performed either by retrograde irrigation
through a ventrally placed ingress-egress drain or ingress catheters that
can be placed in the paralumber fossa. Twenty to 40 L of normal saline is
infused into the abdomen; the drain then is injected with heparinized saline
and closed. The horse is walked for 20 minutes to promote ﬂuid distribution;
then the drain is opened and the ﬂuid removed and measured. Abdominal
lavage can be repeated twice per day for 3 to 5 days or until there is cyto-
logic improvement in the peritoneal ﬂuid [29]. The addition of antibiotics
to abdominal lavage ﬂuid has failed to show a signiﬁcant beneﬁt beyond
that achieved with systemic antimicrobials [30]. The addition of antiseptic
solutions (eg, chlorhexidine or providone-iodine) also is not recommended.
In a study describing the use of closed-suction abdominal drains in 67 horses
with abdominal contamination or peritonitis, minor complications occurred
in 49%. Complications included drain obstruction in 26%, leakage of ﬂuid
around the drain in 16%, and subcutaneous ﬂuid accumulation around the
drain in 12% [31].
IV heparin (40–100 IU/kg every 6 hours IV or SQ) or intraperitoneal so-
dium carboxymethylcellulose (7 mL/kg of a 1% solution into the abdominal
cavity) is recommended by some investigators to help prevent intestinal ad-
hesions. This seems unnecessary when treating primary A equuli peritonitis.
Route of entry of A equuli into the peritoneal or pleural cavities is uncer-
tain. Actinobacillus peritonitis is associated with larval Strongylus vulgaris–
induced verminous aneurysms [6]. Examination per rectum in this case failed
to detect lesions consistent with parasitic arteritis, but rectal impression of
cranial mesenteric artery size correlates poorly with observed necropsy le-
sions [32]. Although only suggestive for parasitism, peripheral blood eosin-
ophilia was absent and the mare had a good deworming history. A rotating
larvicidal anthelmintic plan for horses with A equuli peritonitis seems advis-
able [6].
In two Australian studies one of 15 cases and the other of 51 cases of peri-
tonitis associated with A equuli, all horses responded to antimicrobial and
supportive therapy and all were discharged from hospital [3,4]. It seems
that A equuli peritonitis (with and without concurrent pleuritis) has
a good prognosis for recovery with appropriate antimicrobial therapy
[3,4,6]. This is in contrast to other reports of peritonitis in horses, where
mortality ranges from 30% to 67% [13,29,33]. Survival rates for horses
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rospective study of 70 Thoroughbreds that had recovered from pleuropneu-
monia, 61% returned to racing, with 56% winning at least one race. Horses
that required placement of an indwelling thoracic drain did not seem to have
a worse prognosis than horses that did not require placement of a drain [36].
References
[1] Sweeney RW, Sweeney CR, Weiher J. Clinical use of metronidazole in horsesd200 cases
(1984–1989). J Am Vet Med Assoc 1991;198:1045–8.
[2] Stewart AJ, Hinchcliﬀ KW, Saville WJA, et al. Actinobacillus sp bacteremia in foals: clinical
signs and prognosis. J Vet Intern Med 2002;16:464–71.
[3] Golland LC, Hodgson DR, Hodgson JL, et al. Peritonitis associated with Actinobacillus
equuli in Horsesd15 Cases (1982–1992). J Am Vet Med Assoc 1994;205:340–3.
[4] Matthews S, Dart AJ, Dowling BA, et al. Peritonitis associated with Actinobacillus equuli in
horses: 51 cases. Aust Vet J 2001;79:536–9.
[5] Gay CC, Lording PM. Peritonitis in horses with Actinobacillus equuli. Aust Vet J 1980;56:
296–300.
[6] Gay CC, Lording PM. Peritonitis in horse associated with Actinobacillus equuli. Aust Vet J
1980;56:296–300.
[7] Ainsworth DM, Hackett RP. Bacterial pneumonia. In: Reed SR, Bayly WM, Sellon DC,
editors. Equine internal medicine. 2nd ed. St. Louis: Saunders; 2004. p. 321–8.
[8] CollinsMB, HodgsonDR, Hutchins DR. Pleural eﬀusion associated with acute and chronic
pleuropneumonia and pleuritis secondary to thoracic wounds in horsesd43 cases (1982–
1992). J Am Vet Med Assoc 1994;205:1753–8.
[9] Chaﬃn MK, Carter GK. Equine bacterial pleuropneumonia. 1. Epidemiology, pathophys-
iology, and bacterial isolates. Compend Contin Educ Pract Vet 1993;15:1642–50.
[10] Reimer JM, Reef VB, Spencer PA. Ultrasonography as a diagnostic-aid in horses with an-
aerobic bacterial pleuropneumonia and or pulmonary abscessationd27 cases (1984–
1986). J Am Vet Med Assoc 1989;194:278–82.
[11] Rantanen N. The use of linear-array ultrasound in the diagnosis of pleuropneumonia in the
horse. J Equine Vet Sci 1994;14:139–40.
[12] Hirsch DC, Jang SS. Antibiotic susceptibility of bacterial pathogens from horses. Vet Clin
North Am Equine Pract 1987;3:185–6.
[13] Hawkins JF, Bowman KF, Roberts MC, et al. Peritonitis in horsesd67 cases (1985–1990).
J Am Vet Med Assoc 1993;203:284–8.
[14] Brownlow MA, Hutchins DR, Johnston KG. Reference values for equine peritoneal ﬂuid.
Equine Vet J 1981;13:127.
[15] Van Hoogmoed L, Rodger LD, Spier SJ, et al. Evaluation of peritoneal ﬂuid pH, glucose
concentration, and lactate dehydrogenase activity for detection of septic peritonitis in horses.
J Am Vet Med Assoc 1999;214:1032–6.
[16] Ainsworth DM, Hackett RP. Pleural eﬀusion. In: Reed SR, Bayly WM, Sellon DC, editors.
Equine internal medicine. 2nd ed. St. Louis: Saunders; 2004. p. 328–9.
[17] Worth LT. B. RV. Pericarditis in horses: 18 cases (1986–1995). J Am Vet Med Assoc 1998;
212:248–53.
[18] Ensink JM, Smit JAH,VanDuijkerenEV.Clinical eﬃcacy of trimethoprim/sulfadiazine and
procaine penicillin G in a Streptococcus equi subsp. zooepidemicus infection model in ponies.
J Vet Pharmacol Ther 2003;26:247–52.
[19] Bryant JE, BrownMP, Gronwall RR, et al. Study of intragastric administration of doxycy-
cline: pharmacokinetics including body ﬂuid, endometrial and minimum inhibitory concen-
trations. Equine Vet J 2000;32:233–8.
e93PERITONITIS IN A QUARTER HORSE MARE[20] Jacks S,Gigere S,GronwallRR, et al. Pharmacokinetics of azithromycin and concentrations
in body ﬂuids and bronchoalveolar cells in foals. Am J Vet Res 2001;62:1870–5.
[21] Jacks S,Gigere S,Gronwall RR, et al. Disposition of oral clarithromycin in foals. J Vet Phar-
macol Ther 2002;25:359–62.
[22] Lakritz J, Wilson WD, Marsh AE, et al. Pharmacokinetics of erythromycin estolate and
erythromycin phosphate after intragastric administration to healthy foals. Am J Vet Res
2000;61:914–9.
[23] Baverud V, Franklin A, Gunnarsson A, et al. Clostridium diﬃcile associated with acute co-
litis in mares when their foals are treated with erythromycin and rifampicin forRhodococcus
equi pneumonia. Equine Vet J 1998;30:482–8.
[24] Carillo N, Gigere S, Gronwall RR, et al. Disposition of oral cefpodoxime proxetil in foals
and adult horses, andminimum inhibitory concentration of the drug against common equine
bacterial pathogens. Am J Vet Res 2005;66:30–5.
[25] Bertone AL, Tremaine WH,Macoris DG, et al. Eﬀect of long-term administration of an in-
jectable enroﬂoxacin solution on physical and musculoskeletal variables in adult horses.
J Am Vet Med Assoc 2000;217:1514–21.
[26] Epstein K, CohenN, Boothe D, et al. Pharmacokinetics, stability, and retrospective analysis
of use of an oral gel formulation of the bovine injectable enroﬂoxacin in horses. Vet Ther
2004;5:155–67.
[27] Boeckh C, Buchanan C, Boeckh A, et al. Pharmacokinetics of the bovine formaulation of
enroﬂoxacin (Baytril 100) in horses. Vet Ther 2001;2:129–34.
[28] Chaﬃn MK. Thoracocentesis and pleural drainage in horses. Equine Vet Educ 1999;11:
106–8.
[29] Hanson RR. How I treat. horses with peritonitis. Compend Cont Educ Pract Vet 1999;21:
965.
[30] Schneider RK,Meyer DJ, Embertson RM, et al. Response of pony peritoneum to four peri-
toneal lavage solutions. Am J Vet Res 1988;49:889–94.
[31] Nieto JE, Snyder JR, Vatistas NJ, et al. Use of an active intra-abdominal drain in 67 horses.
Vet Surg 2003;32:1–7.
[32] White NAI. Intestinal inarction associated with mesenteric vascular thrombotic disease in
the horse. J Am Vet Med Assoc 1981;178:259–62.
[33] Feige K, Steiger R, Graf U, et al. Peritonitis in horses: a retrospective study of 95 cases. Tier-
arztl Prax 1997;25:55–61.
[34] Raphel CF, Beech J. Pleuritis secondary to pneumonia or lung abscessation in 90 horses.
J Am Vet Med Assoc 1982;181:808.
[35] Byars TD. Pleuropneumonia: treatment and prognosis. In: Rantanen NW, Hauser ML, ed-
itors. The diagnosis and treatment of respiratory diseases: proceedings of the 1997 Dubai In-
ternational Equine Symposium. Dubai, United Arab Emirates: Neyenesch Printers; 1997.
[36] Seltzer KL, Byars TD. Prognosis for return to racing after recovery from infectious pleuro-
pneumonia in Thoroughbred racehorses: 70 cases (1984–1989). J Am Vet Med Assoc 1996;
208:1300.
